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In recent years, limb salvage surgery has been more widely used in the surgical treatment of osteosarcoma. Limb 
salvage surgery enables the patient use his extremity for the rest of his life and provides a better quality of life. The most 
important prerequisite for a successful limb salvage surgery is the exact delineation of the tumor invasion, bone marrow 
invasion and skip metastases. Definition of the involved muscle groups has indispensible importance of Magnetic 
Resonance Imaging in the preoperative staging and postoperative follow-up of the osteosarcoma cases has been 
discussed along with our findings in our patients. [Turk J Med Res 1994; 12(2):62-65] 

K e y W o r d s : Osteosarcomas, Magnetic Resonance Imaging, Limb Salvage Surgery 

E x c l u d i n g mul t ip le m y e l o m a , o s t e o s a r c o m a i s the most 
c o m m o n pr imary c a n c e r o f b o n e . A lmos t 50 -75 % of 
a l l t h e s e tumors a r i se c l ose to the knee (1). 

T o d a y , i n t he s u r g i c a l t r ea tmen t o f o s t e o s a r 
c o m a s , l imb s a l v a g e s u r g e r y i s p r e f e r a b l e t o a m 
p u t a t i o n s . T h e a i m o f th is o p e r a t i o n t e c h n i q u e i s 
p r o t e c t i n g m a x i m a l l imb par t b y m i n i m a l p o s s i b l e 
r e s e c t i o n b o r d e r (2) . T h e l imb s a l v a g e o p e r a t i o n s 
c o m b i n e d w i t h a d j u v a n t c h e m o t h e r a p y a n d 
r a d i o t h e r a p y a r e a s s u c c e s f u l a s r a d i c a l s u r g i c a l 
t r e a t m e n t s s u c h a s amputa t ions . 

T h e app l i ca t ion o f l imb s a l v a g e opera t ion wh ich 
i s a c o n s e r v a t i v e s u r g i c a l t e c h n i q u e e n a b l i n g the 
p a t i e n t to u s e h is l imb by the he lp of meta l l i c p ros 
t h e s i s i s d e p e n d e n t on t hese cond i t ions : 

- T h e i n t r a m e d u l l a r y i n v a s i o n o f t u m o r c a n b e 
d e f i n e d c lear ly 

- T h e i n t r a m e d u l l a r y s k i p m e t a s t a s e s c a n b e 
d e f i n e d c lear ly 

- T h e nujuscle g roups infiltrated by the tumor c a n 
b e de f i ned c lear ly a n d resec tab le . 
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On the bas i s o f t hese cond i t i ons the l imb c a n be 
resec ted leav ing a f ree marg in of at least 4 -5 c m . of 
the p rox ima l border of the medu l la ry i nvas ion . T h e in
fi ltrated m u s c l e g roups mus t be r e s e c t e d to protect the 
non- inf i l t rated o n e s . T h e ope ra t i on e n d s b y r e p l a c e 
ment of r esec ted b o n e by meta l l i c p ros thes i s . Af ter a 
f emora l r e s e c t i o n by th is t e c c h n i q u e , the pa t ien t i s 
ab le to m a k e f lex ion of about 110 d e g r e e to his knee 
a n d c a n live more comfor tab ly c o m p a r e d to a m p u t a 
tion. 

In the d i a g n o s i s of the o s t e o s a r c o m a s there a re 
c l a s s i c a n d w e l l k n o w n a d v a n t a g e s o f M a g n e t i c 
R e s o n a n c e I m a g i n g ( M R I ) o v e r o t h e r m o d a l i t i e s . 
T h e s e inc lude h igher soft t i s s u e con t ras t a n d mult i 
p lanar imag ing abi l i t ies. Fo r this r e a s o n M R I has an 
important p l ace in the d i a g n o s i s a n d p reopera t i ve s tag 
ing of o s t e o s a r c o m a s by its exac t de l inat ion of m e d u l 
lary invas ion , sk ip m e t a s t a s e s a n d the invo lved m u s c l e 
g roups . 

In this s tudy the ro le of M R I in the p lann ing of 
l imb s a l v a g e ope ra t i ons for o s t e o s a r c o m a s i s i n v e s 
t igated. 

M A T E R I A L S A N D M E T H O D S 

Six teen of the 29 pat ients re fer red to the M R I sec t ion 
of R a d i o l o g y Depar tmen t of G i i l h a n e Mil i tary M e d i c a l 
A c a d e m y ( G M M A ) b e t w e e n O c t o b e r 1991 a n d A u g u s t 
1993 with a p resumpt i ve d i a g n o s i s of b o n e n e o p l a s m 
have b e e n eva lua ted . T h e m e a n a g e o f pat ients w a s 
20 ( range 12 to 26) y e a r s . 14 of 16 we re m a l e a n d 2 
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T a b l e 1. Distr ibut ion of the c a s e s accord ing to invo lved 
bones . 

Bone Number 

Femur 
Ilium 
Humerus 
Tibia 

12 
2 
1 
1 

T a b l e 2 . F i n d i n g s de tec ted by other modal i t ies other 
than MRI 

DR CT DSA 

Periostal reaction 15 15 
Cortical destruction 15 16 — 
Soft tissue invasion 7 13 — 
New boneformatioin 

within soft tissue 13 13 — 
Irregular calcification 11 11 — 
Hypervascularity .— — 7 
Articular invasion — — — 

w e r e f e m a l e . A l l p a t i e n t s w e r e d i a g n o s e d h i s -
topatholog ica l ly as o s t e o s a r c o m a . 

A l l pat ients w e r e e x a m i n e d by direct rad iography, 
c o m p u t e d t o m o g r a p h y ( C T ) , b o n e sc i n t i g raphy a n d 
MRI . 9 of 16 w e r e e x a m i n e d a l s o by digital subt ract ion 
ang iog raphy ( D S A ) . 

In all pat ients, co rona l a n d sagi t ta l T1 we igh ted 
i m a g e s , a x i a l T 2 w e i g h t e d i m a g e s , m a g n e t i c 
r e s o n a n c e ang iog raph i c ( M R A ) and in s o m e pat ients 
gradient e c h o s e q u e n c e s we re ob ta ined us ing the 1.5 
T e s l a s u p e r c o n d u c t i v e S i e m e n s M a g n e t o m M R I s y s 
t e m . A f te r i n t r a v e n o u s (IV) G a d o l i n i u m D T P A ( G d -
D T P A ) i n j e c t i o n , a x i a l , s a g i t t a l a n d c o r o n a l T 1 
weighted i m a g e s we re ob ta ined in all pat ients. 

T h e MRI f indings w e r e e x a m i n e d by c o m p a r i s o n 
o f C T , D S A , direct rad iography a n d sc int igraphy f ind
ings. 

R E S U L T S 

T h e distr ibut ion of the l es ions in 14 ma le and 2 female 
a r e s h o w n i n T a b l e 1 . C o m m o n c l i n i ca l c o m p l a i n t s 
were pa in , t e n d e r n e s s a n d g radua l swel l ing of the af
fected par ts . T h e pat ients we re d i a g n o s e d as p robab le 
o s t e o s a r c o m a by CT a n d di rect rad iog raphy pr ior t o 
MRI examina t i on . In 15 of 16 pat ients, per ios tea l r eac 
t ion a n d co r t i ca l d e s t r u c t i o n w e r e de f i ned by di rect 
rad iography a n d C T . In one c a s e , an indist inct cor t ica l 
e ros ion at the distal end of the femur w a s def ined . In 
CT i m a g e s of this pat ients, cor t ica l e ros ion cou ld be 
s e e n more c lear ly . In CT a n d direct rad iography o f 13 
c a s e s , soft t i s sue i nvas ion o r new b o n e fo rmat ion- in 
soft t i ssue we re de te rm ined . In 11 pat ients, i r regular 

c a l c i f i c a t i o n s w e r e p r e s e n t . H y p e r v a s c u l a r i t y o f the 
tumor and tumora l d e p l a c e m e n r t o f ad jacent v a s c u l a 
ture were s h o w n in 7 of 9 c a s e s in D S A . No invas ion 
o f art icular su r f aces w a s s h o w n in CT or plain rad iog 
raphy . S k i p m e t a s t a s e s cou ld not be de te rm ined by 
C T . Intramedul lary tumora l ex tend cou ld be de te rm ined 
by CT but dist inct border cou ld not be de f ined c lear ly . 
H o w e v e r in the secur i ty , m a r g i n s , the bo rder s e v e r a l 
c m . be low the prox imal o f b o n e mar row that s h o w e d 
pure fat dens i ty w a s ind ica ted as tumora l border . T h e 
f indings of al l moda l i t ies excep t MRI is s h o w n in T a b l e 
2. In all pat ients, p r e s e n c e of lung m e t a s t a s e s we re 
s e a r c h e d by C T . T h e r e we re no lung m e t a s t a s e s . MRI 
s a m p l e s of pat ients a re s h o w n in F i g u r e s 1-4. 

B y M R I the u p p e r a n d l o w e r b o r d e r s o f t he 
m e d u l l a r y i n v a s i o n a n d sof t t i s s u e inf i l t ra t ion w e r e 
s h o w n c lea r l y . Af ter the in jec t i on of p a r a m e g n e t i c 
c o n t r a s t m a t e r i a l , t he so f t t i s s u e m a s s e s s h o w n 
h e t e r o g e n e o u s e n h a n c e m e n t he lp ing in the de te rm ina -

Figure 1. a) T1 weighted sagittal image of a femoral osteosar
coma showing hypointense intramedullary tumoral invasion 
spreading 7 cm. proximal to the distal articulation, b) T1 weigh
ted sagittal image of another femoral osteosarcoma showing 
hypointense intramedullary tumoral invasion spreading 18 cm, 
proximal to the distal articulation. Tumoral tissue destructs the 
cortex spreading into adjacent soft t issues. 

Figure 2. a) T1 weighted sagittal image showing hypointense 
tumoral invasion spreading 17 cm. proximal to the distal femoral 
articulation. Hypointense tumoral component is shown in adja
cent soft tissue. 

b) In G d - D T P A weighted sagittal image the soft tis
sue component surrounding the femur is shown as homoge
neous enhancement. 

c) In T2 weighted axial image heterogeneous hyper-
intense tumoral invasion in adjacent soft tissue of bone is 
shown, signal void areas are shown in soft tissue representing 
new bone formation. 
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Figure 3. a) T1 weighted axial image: osteosarcoma invaded 
left ilium totally. Soft tissue component of the tumor extending to 
the iliac fossa and gluteal region are shown as hypointense 
areas. 

b) T2 weighted axial image of the same case: Soft 
tissue components of the tumor are shown as heterogeneous 
hyperintense areas. 

Figure 4. a) T1 weighted image of a femoral osteosarcoma: 
Hypointense tumoral lesion spreading 25 cm. proximal to distal 
articulation is shown as big soft tissue tmor. 

b) In G d - D T P A T1 weighted image of the same case 
soft tissue lesions are shown as heterogeneous enhancement. 

c) In T2 weighted image of the same cases big soft 
tissue lesions are shown as high signal intensity areas. 

d) MR angiography sequence of the same case: 
Vasculature is surrounding and displaced by tumoral tissue. 

T a b l e 3 . MRI f ind ings. 

( +) 

16 Intramedullary invasion 16 
Soft tissue invasion 16 
Skip metastases 16 
Calcification 9 7 
Cortical bone erosion or 

16 periostal reaction 16 
Vascular impression/deplacement 12 4 
Vascular thrombosis 16 
Articular invasion 16 

t ion of the bo rde r of soft t i s s u e i n v a s i o n . A l t h o u g h 
sagit tal and co rona l i m a g e s s h o w e d the who le length 
with deta i ls of the re la ted b o n e , sk ip m e t a s t a s e s cou ld 
not be found i n a n y c a s e . M R A s e q u e n c e s we re ob 
ta ined In all c a s e s a n d tumora l dép lacemen t and im
p ress ion of ad jacent vascu la tu re we re s h o w n in 12 of 
1 6 pat ien ts . Ne i t he r M R A no r sp i n e c h o s e q u e n c e s 
s h o w e d tumora l t h rombos is . In 3 of 12 pat ients , tumor 
su r rounded by vascu la tu re . MRI f indings o f c a s e s a re 
s h o w n in T a b l e 3. 

E x c e p t two c a s e s wi th t u m o r l o c a l i z e d a t i l iac 
b o n e s and one c a s e w h o re jec ted opera t ion , l imb s a l 
v a g e operat ion w e r e d o n e In 11 c a s e s . P reope ra t i ve 
n e o a d j u v a n t c h e m o t h e r a p y for 3 d a y s a n d 3 5 G y 
rad iotherapy for 10 d a y s we re g i ven . T u m o r a l b o n e t is
sue and invo lved m u s c l e g roups resec ted with a w ide 
f ree m a r g i n . C u s t o m - m a d e m e t a l i c p r o s t h e s i s w e r e 
p l a c e d a t the s a m e opera t ion . T h e last 2 c a s e s a re 
prepar ing for l imb s a l v a g e opera t ion after the ad juvant 
chemo the rapy a n d rad io therapy. 

D I C C U S S I O N 

O s t e o s a r c o m a s are a m o n g the mos t c o m m o n c a n c e r s 
of bone and a lmos t 50 -75 % of t hem ar ise c l o s e to 
the knee joint. Direct rad iogram a n d CT h a v e great 
va lue in show ing minor ca lc i f i ca t ions , per ios tea l r e a c 
t ions, ear ly cort ical e ros ions a n d internal matr ix 
conf igurat ion. In s tag ing , thorax CT is an im
portant modal i ty in s how i ng the lung me tas 
t a s e s . Infection of distant l es ions a n d metas ta t ic 
b o n e t u m o r s , r a d i o n u c l i d e i m a g i n g i s an impor tan t 
modal i ty (3). 

O s t e o s a r c o m a s p ro l onges T 1 and T 2 t imes a n d 
a re s h o w n a s h y p o i n t e n s e i n T 1 w e i g h t e d s e q u e n 
c e s a n d a s hyper in tense i n T 2 w e i g h t e d s e q u e n c e s . 
S h o r t t ime i n v e r s i o n r e c o v e r y ( S T I R ) t e c h n i q u e i s 
o n e o f t he fat s u p r e s s i o n t e c h n i q u e s a n d h a s a n 
impor tant role in the eva lua t i on o f b o n e l e s i o n s . By 
this t e c h n i q u e , o s t e o s a r c o m a s a r e s h o w n a s hype r -
t e n s e les ions . N o r m a l b o n e mar row fat i s s u p r e s s e d 
a n d i s s h o w n a s h y p o i n t e n s e . T h e in f i l t ra ted b o n e 
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O s t e o s a r k o m l a n n e v r e l o n d ir i l m e ş i n d e 
v e t a k i b i n d e m a g n e t i k r e z o n a n s 
g ö r ü n t ü l e m e n i n y e r i 

Osteosarkomların cerrahi tedavisinde son yıllarda 
ekstremite kurtarıcı ameliyatlar gündeme gelmiştir. 
Ekstremite kurtarıcı ameliyatlar hastaya ekstremi-
tesini hayatının sonuna kadar kullanarak daha 
konforlu bir yaşam kalitesi sunmaktadır. Ekstre
mite kurtarıcı ameliyatlarda en önemli konu tümö
rün yayılım sınırlarının ve kemik iliği invazyonu ile 
skip metaztazlarının net bir şekilde belirlenmesidir. 
Ayrıca tutulan kas gruplarının belirlenmesinin de 
ameliyat planlamasında tartışmasız yeri vardır. Bu 
çalışmada kemik tümörlerinin tanısında tartışılmaz 
bir önemi olan Magnetik Rezonans Görüntüleme 
yönteminin osteosarkomlarda preoperatif evrelen-
dirme ve takibindeki önemi osteosarkomlu olgular-
daki bulgular ışığında tartışılmıştır. [Türk J Med 
Res 1994; 12 (2): 62-65] 

R E F E R E N C E S 

marrow i s s h o w n as hype r i n t ense . and medu l la ry in
v a s i o n c a n b e i s s h o w n c l e a r l y . M R I c a n s h o w 
bone m a r r o w i n v a s i o n , sk ip m e t a s t a s e s a n d v a s c u l a r 
and soft t i s sue infi l tration. B o n e mar row invas ion c a n 
b e s h o w n de f i n i t e l y i n T 1 w e i g h t e d s e q u e n c e s b y 
the l oss of h igh s igna l in tensi ty of no rma l bone mar
row (4)- In al l our c a s e s , the extent of medu l la ry in
v a s i o n a n s o f t t i s s u e i n v o l v e m e n t w e r e s h o w n 
definitely. 

T h e ro le of M R I in the s tag ing of the os teosa r 
c o m a s c a n be l isted as be low : Ver t i ca l ( longitudinal) 
tumora l infi ltration in t he l imbs c a n be best s h o w n in 
co rona l a n d sagi t ta l T1 we igh ted MR i m a g e s (3,5,6). 
S m a l l , i so la ted metas ta t i c a r e a s (skip m e t a s t a s e s ) c a n 
be best s h o w n in c o r o n a l a n d sagi t ta l MR i m a g e s (7). 
In our s tudy n o n e of t h e m s h o w e d sk ip m e t a s t a s e s . 
A x i a l T 2 w e i g h t e d s e q u e n c e s s h o w i n v a s i o n o f a d 
jacent soft t i s s u e ie. m u s c l e g roups a n d vascu la tu re 
(6,8). M R I has a great va l ue a l so in detec t ion of v a s 
cu lar i nvas ion d u e to its abil i ty to s h o w the vascu la tu re 
wi thout c o n t r a s t m a t e r i a l i n jec t i on . De f in i t i on o f i n 
vo l ved m u s c l e g roups spec i f i ca l l y l eads to resec t ion o f 
them leav ing the non - i nvo l ved m u s c l e g roups spec i f i 
ca l l y l e a d s to r e s e c t i o n o f t h e m leav ing the non - i n 
vo l ved o n e s . M R A is a l s o important in p lann ing o f the 
su rge ry by s h o w i n g d é p l a c e m e n t o f vascu la tu re a n d 
the p e r e s e n c e of tumora l th rombos is . In our s tudy 
M R A s h o w e d pa tho logy in 12 of 16 c a s e s wh i le in 4 
there we re no patho logy . S h o w i n g the invas ion of ar
t icular s u r f a c e s in s t a g i n g of l imb o s t e o s a r c o m a s is 
very impportant . T h e ear ly s ign of art icular i nvas ion is 
m in ima l e f f u s s i o n . S h o w i n g m i n i m a l e f fus ion i s very 
diff icult b y C T . U s i n g T 2 w e i g h t e d M R i m a g e s , this 
c a n be s h o w n eas i l y (9). In our s tudy we don' t s e e 
any art icular i nvas ion . T h e d iagnos t i c contr ibut ions o f 
p a r a m a g n e t i c cont ras t mater ia l in ject ion are l isted as 
above . T u m o r a l i nvas ion a n d per iphera l e d e m a c a u s e 
a h i g h e r s i g n a l i n tens i t y o f the sof t t i s s u e s in T2 
w e i g h t e d i m a g e s . Bu t i n p o s t - g a d o l i n i u m T1 s e r i e s , 
soft t i s sue parts s h o w i n g e n h a n c e m e n t poss ib l y indi
ca te a rea l tumora l i nvas ion (10). T h e soft t i ssue parts 
s h o w i n g e n h a n c e m e n t a re impor tant in p lann ing the 
b iopsy b e c a u s e it's the indicator of vital tumlora l t is
s u e s (10). A n o t h e r feature of the contrast mater ia l is 
to he lp in the dif ferential d i agnos i s of tumoral recur ren
c e s w i th p o s t o p e r a t i v e s c a r t i s s u e s . E x c e p t f r e s h 
granulat ion t i s sue , s c a r t i ssue d o e s not s h o w an e n 
h a n c e m e n t whi le tumora l r ecu r rences (11,12). 

M e t a l i c p r o s t h e s e s r e p l a c i n g r e s e c t e d b o n e s 
c a u s e w i d e s p r e a d ar tefacts in M R I . Non fe r romagne t i c 
p r o s t h e s e s s u c h a s t h o s e m a d e f rom t i tan ium pro
v i d e m u c h m o r e resu l t s i n M R p o s t o p e r a t i v e l y (8). 
MRI is more sens i t i ve in the di f ferent ial d i agnos i s of 
p o s t o p e r a t i v e f i b r o s i s a n d recu r ren t t u m o r a l t i s s u e 
(8,13). 
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